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<54) Abstract Title 

Use of thermal shock-resistant glass for beverage containers 

on ™ 9 If n h ! V i n ^V°^lf°f i0n (in % by Wel9ht ' based on 0xide) Si °2 ™* ~ 79.5, B 2 0 3 13.0 - 14.0, Al 2 0 3 
2.0 - 3.0. Na 2 0 4.5 - 5.5, K 2 0 0 - 0.6 is used for the production of thermal shock-resistant beverage containers 
in particular teapots, coffee machine jugs and baby-milk bottles. 
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Us* of a glass for thermal shock -resistant beverage 

containers 

The invention relates to the use of a glass for the 
production of thermal shock- resistant beverage 
containers . 

Glass containers which are intended for che preparation 
or storage of hot beverages, such as, for example, 
coffee machine jugs, teapots and baby-milk bottles, 
must be made of glasses which have high thermal shock 
resistance, which arises from a low coefficient of 
thermal expansion and a low modulus of elasticity, and 
good chemical resistance. Such vessels are therefore 
made of borosilicate glasses, as used for laboratory 
equipment . 

The group of borosilicate glasses has been known for 
some time. For example, German patent specifications 
DE 586 643 and DE 679 155 disclose heat-resistant 
glasses made from Sio 2 , Al,o 3 , b,0, and RjO, in 
particular from (% by weight) £ 80 SiO a , 13 BjO,, 2 
A1,0, and 4 Na a O. having a coefficient of expansion a»/»a 
of £ 3.4 • IO-'/k. Borosilicate glasses for laboratory 
applications must meet strict requirements and satisfy 
the DIN ISO 3585 standard on "Borosilicate glass 3.3". 
i.e. must have, inter alia, a coefficient of linear 
thermal expansion o 20 / 30 o of between 3.2 and 3.4 x io «/K. 

Owing to their composition, the known glasses which 
comply with the above standard have very high melting 
points. In addition, they can only produced with 
comparatively low melting capacities. While 
conventional container glasses based on soda-lime glass 
are produced in equipment having melting capacities of 
up to 4S0 tonnes of glass per day wich maximum 
temperatures of below 1450 8 C, melting capacities of 
less than 60 tonnes of glass per day are usual for 
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borosilicate glasses 3.3 and melting points of at least 
1650°C are necessary. The reason for the low melting 
capacities is firstly that troughs for larger 
throughputs cannot be built since no materials are 
available for constructing, for example, large domes 
for the high temperatures. In the case of fully 
electric troughs, uniform heating cannot be guaranteed 
in the case of relatively large troughs. Owing to the 
smaller equipment and higher melting points, the 
production of these borosilicate glasses requires 
significantly more energy than does the production of 
aoda-lime glasses. This, together with the more 
expensive raw materials for borosilicate glasses, 
results in higher glass prices for borosilicate glasses 
3.3. 

Against the background of increasing pressure on 
industry to save energy and to reduce production costs 
overall, the use of very melting energy- intensive 
borosilicate glass 3.3 can no longer be justified for 
products which do not have to satisfy the very strict 
requirements made of laboratory equipment. At the same 
time, however, the energy saving and productivity 
increase achieved must not be negated by plant down 
times during the glass change on production of an 
alternative glass in the same melting equipment. 

The object of the invention is therefore to find a 
glass which requires less melting energy, i.e. a glass 
which has low melting and working points, has adequate 
thermal shock resistance for the production of heat- 
resistant beverage containers and in addition has high 
chemical resistance similar to that of borosilicate 
glasses 3.3. 

This object is achieved by using a glass as described 
in Patent Claim 1. 

A glass from the narrow composition range (in % by 
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weight, based on oxide) of 



SiO, 


7B.5 - 


79.5 


B a O, 


13.0 - 


14 .0 


A1,0, 


2.0 - 


3.0 


Na 2 0 


4.5 - 


5.5 


K z O 


0 - 


0.6 



owing to the balanced ratio of the components present, 
combines properties which were hitherto regarded as 
uncombinable with one another. 

The relatively high SiO, content facilitates the low 
thermal expansion; at even higher contents, the 
improved melting properties, expressed by the reduced 
melting point, would not be achieved. 

Al s o 3 in the stated amounts counters separation of the 
glass. which would result in a reduction in the 
chemical resistance and in haze. At least 2.0% by 
weight are necessary for this purpose. Higher contents 
than 3.0% by weight cannot be combined with the other 
requirements of a glass since the melting point would 
rise to an impermissible extent. 

The relatively high content of Na a O causes the 
reduction in the melting point. This action can be 
reinforced further by a K 2 0 content of up to 0.6% by 
weight . 

The narrow range mentioned for the B a Oj content, 
together with the alkali metal oxide (s), produces the 
low melting point. Higher B,0, contents result in a 
significant increase in the raw materials costs, which 
would negate the savings achieved by the lower melting 
energy requirement. Lower contents are likewise not 
possible for the intended purpose since this would 
result in a rise in the melting point. In principle, a 
lowering of the melting point could be achieved by a 
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further increase in the alkali metal content, but the 
stated upper limits for Na a O and KjO must not be 
exceeded in order to satisfy the high demands on 
chemical resistance, with a lower alkali metal content 
than the stated lower limit, the lower melting point 
cannot be achieved owing to the restriction in the B a O, 
content . 

in order to improve the glass quality, the glass can 
also contain conventional fining agents, such as As a Oi, 
Sb a Oj or chlorides (NaCl, KCl) in conventional amounts, 
it is furthermore possible for the glass to contain up 
to a total of 0.5% by weight of further oxides, auch 
as, for example, MgO, CaO or other oxides which are 
introduced into the glass composition via impurities 
and which have no interfering effect, i.e. do not 
influence the suitability for the stated use. It is 
also possible for decolorants, such as, for example, 
Er a O s or CoO, to the present. 

The glass used in accordance with the invention has a 
working point V*, i.e. the temperature at a viscosity 
of 10* dPas, of Z 1220°C. This temperature is below that 
of the commercially available borosilicate glass 3.3 
having the composition (in % by weight) 80.1 SiO a , 13.0 
B,03, 2.5 Al a O„ 3.5 Na a O, 0.6 KjO. 0.3 NaCl (Comparative 
Example V) with a working point V A of 1250°C The 
improvement is even clearer on comparison of the 
temperatures at a viscosity of io> dPas (T3) , which is 
of greater relevance for melting of the glass. For the 
glass according to the invention, this temperature is 
at most 1460»C, while it is 1S30°C for V. 

The figures document the ease of melting of the glass. 
It enables the maximum melting point to be lowered by 
about 30°C in industrial melting units with a 
simultaneous increase in the production capacity by 
about 10%, in each case compared with glass V. 
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It is known that the chemical resistance, in particular 
the hydrolytic and acid resistance, of a glass whose 
composition is varied by reducing the SiOa content and 
increasing the alkali metal content so that the glass 
becomes "softer", i.e. its melting point is reduced, is 
impaired . 



Surprisingly, and with great importance for the object 
to be achieved, this was not the case in the present 
invention. Instead, the chemical resistance of the 
glass is very high. The glass has both a hydrolytic 
resistance H in accordance with DIN ISO 719 in 
hydrolytic class l and an acid resistance S in 
accordance with DIN 12 116 in acid class 1. Its caustic 
lye resistance L in accordance with DIN ISO 659, in lye 
class 2, is just as good as for borosilicate glass 3.3. 
This is particularly surprising inasmuch as the glass, 
compared with glass v, contains more Na,0, which is 
known for its disadvantageous effect on the chemical 
resistance, and no additional components r such as, for 
example, CaO, for improving the hydrolytic and acid 
resistance . 



The glass has a coefficient of linear thermal expansion 
a,./,., of between 3. S and 3.7 * io-«/K and a modulus of 
elasticity E of £ 65 GPa. With these properties, the 
glass has a low specific thermal stress (p. which is 
given by 9 - (E x a )/(l - p). where u is the Poisson 
number, which hardly changes at all with the glass 
composition and can be assumed to be a constant value 
of 0.2. Thus, the glass according to Working Example A 
(composition see below) has a specific thermal stress 
q> - 0.3 MPa/K, while cp for conventional soda -lima 
container glass (a - 9.0 * lO-'/K. E 3 70 GPa) is 
0.78 MPa/K. 

The specific thermal stress is a measure of the thermal 
shock resistance. With this low specific thermal 
stress, the glass has a sufficiently high thermal shock 
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reeistance for it to be eminently suitable for the 
described use as beverage container glass, in 
particular for baby-milk bottles, coffee machine jugs 
and teapots, with the thermal shocks that occur in 
these applications. 



Working example: 

The Table shows a glass from the composition range 
according to the invention (Working Example A) and a 
Comparative Example V, with the respective compositions 
(% by weight) and the essential properties. 

After the raw materials had been weighed out and mixed 
thoroughly, the glasses were melted in an electrically 
heated melting unit at temperatures of up to 1620°C (A) 
or 16S0"C (V) . 

Table: Composition (in % by weight) and essential 
properties of a working example (A) and a comparative 
example (V) : 





. A 


V 


SiOa 


79.0 


eo.i 


B,0, 


13.45 


13.0 


AlaOj 


2.4 


2.5 


Na 3 0 


4.85 


3.5 


KjO 




0.6 


NaCl 


0.3 


0.3 


o„/»oo tlO-VK] 


3.5 


3.3 


Gla68 transition 
temperature T, [°C] 


530 


520 


v x fC] 


1205 


1250 


T3 [»C] 


1440 


1530 


E [GPal 


64 


63 


H [class] 


. 1 


1 


S [class] 


1 


1 


L [claesl 


2 


2 



The glass combines high chemical resistance and high 
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thermal shock resistance. especially low thermal 
expansion, with good melting properties, especially a 
low working point. It is thus superior to borosilicate 
glasses 3.3 for applications which, although requiring 
a relatively high thermal shock resistance of the 
glasses, do not need the glasses to comply with DIN ISO 
3585, since they can be produced at lower melting 
points and with higher melting capacities. 

The fact that the glass has a similar composition to 
borosilicate glasses 3.3, in particular that it 
preferably contains no additional components, ia of 
great advantage. Thus, it can be produced alternately 
with the borosilicate glass 3.3 in the same production 
equipment, and only low remelting times occur. The 
increased productivity of the glass melting equipment 
with this glass reduces the production costs of thermal 
shock-resistant beverage containers while retaining the 
quality of the properties relevant to this use. 



CLAIMS 



1 . The use of a glass having the composition (in % by weight, based 
on oxide) Si0 2 78.5 - 79.5, B 2 0 3 13.0 - 14.0, Al 2 0 3 2.0 - 3.0, Na 2 0 4.5 - 
5.5, K 2 0 0 - 0.6, and, optionally, one or more fining agents, for the 
production of thermal shock-resistant beverage containers. 

2. The use according to claim 1 for the production of teapots, coffee 
machine jugs and baby-milk bottles. 

3. The use according to claim 1 or 2, where the glass additionally 
contains up to 0.5% by weight of non-interfering oxides. 

4. The use according to any one of claims 1 to 3, where the glass has a 
coefficient of linear thermal expansion a20/3 oo of between 3.5 and 3.7 x 
10"7K, a working point V A of < 1220°C, a modulus of elasticity of < 65 
CPa, a hydrolytic resistance in accordance with DIN ISO 719 in hydrolytic 
class 1, an acid resistance S in accordance with DIN 12 1 16 in acid class 
1, and a caustic lye resistance L in accordance with DIN ISO 659 in lye 
class 2 (Laugenklasse 2). 

5. The use as claimed in claim 1, wherein the glass is substantially as 
hereinbefore described in working example (A). 

6. A thermal shock-resistant beverage containing formed of a glass as 
defined in any one of claims 1, 3, 4, and 5. 



